To determine whether mothers' fruit and vegetable intake and mothers' use of pressure in the feeding domain when their daughters were 7 years old predicted picky eating and dietary intake when their daughters were 9 years old, and to examine diet and weight status in picky and nonpicky eaters.
The aim of this research was to examine predictors of picky eating (including mothers' childfeeding practices, especially pressuring the child to eat), to evaluate picky eating as a predictor of dietary intake patterns, and to investigate possible links between picky eating and girls' weight status.
METHODS

Participants
Participants were from central Pennsylvania and were part of a longitudinal study of the health and development of young girls. There were 192 girls who participated in the study at 7 years of age and 183 girls who participated again when they were age 9. Reasons for attrition included the following: family moved from the area, was no longer interested in participating, or failed to attend data collection session. Complete data were collected from 173 non-Hispanic white girls and their mothers when girls were 7 and 9 years old. Eligibility criteria for girls' participation at the beginning of the study included living with both biological parents, the absence of severe food allergies or chronic medical problems affecting food intake, and the absence of dietary restrictions involving animal products. Families were recruited for participation in the longitudinal study using flyers, newspaper advertisements, and letters of invitation.
Girls and their parents visited the laboratory in the summer. Trained staff interviewed the girls individually, and mothers completed a series of self-report questionnaires.
The study protocol was approved by the Institutional Review Board at The Pennsylvania State University. Parents provided written consent for their daughter's participation in the study.
Design
A longitudinal analysis was used to assess maternal influences on picky eating and diet. A cross-sectional analysis was used to examine diet and weight status between picky and nonpicky eaters.
Measures
Maternal pressure to eat more and mothers' dietary intake were measured when girls were 7 years old (7.3±0.3). Daughters' picky eating, daughters' dietary intake, weight status, and body composition were assessed when they were 9 years old (9.3±0.3). Data obtained when the girls were 7 years old were predictors in the model; data from the girls at age 9 were used for outcome measures in the model and for assessing differences between picky and nonpicky eaters.
Daughters' picky eating
Daughters' picky eating was assessed when they were 9 years old. Picky eating (three items) is a subscale of the Child Feeding Questionnaire (14) . This subscale measures mothers' reports of how they perceive their child's willingness to eat during mealtimes and included three items: (a) my child's diet consists of only a few foods, (b) my child is unwilling to eat many of the foods that our family eats at mealtimes, and (c) my child is fussy or picky about what she eats. High mean scores on the picky eating subscale represent higher levels of picky eating. The internal consistency of items on this subscale was α=.85.
Maternal pressure to eat
Maternal pressure to eat was measured when girls were 7 years old. Mothers' use of pressure to encourage their daughters to eat was measured using the pressure-to-eat subscale from the Child Feeding Questionnaire referred to earlier. The pressure-to-eat subscale (four items) measures the extent to which mothers pressure their daughters to consume foods. All items were rated using a 5-point Likert-type scale; responses ranged from disagree to agree. Items were: (a) my child should always eat all of the food on her plate; (b) I have to be especially careful to make sure my child eats enough; (c) if my child says "I'm not hungry," I try to get her to eat anyway; and (d) if I did not guide or regulate my child's eating, she would eat much less than she should. Cronbach α=.73.
Dietary intake of mothers and daughters
Food Frequency Questionnaire (FFQ)
This questionnaire was completed by mothers only when daughters were 7 years old. The FFQ was developed to measure the usual dietary intake of free-living individuals ( [15] and [16] ). The Kristal FFQ is quantitative and asks both frequency and usual amount consumed from an extensive list of foods. We created the within-food group frequency and variety scores for fruit and vegetable food groups. The within-food group frequency score was based on the frequency of within-food group consumption during a 3-month period. The within-food group variety score was defined as the number of different foods consumed within a particular food group over a 3-month period.
24-hour dietary recall
With the assistance of the Pennsylvania State University Diet Assessment Center, we collected dietary information from the mothers when girls were 7 years old and from the girls at age 9 by administering three 24-hour food recalls, two on weekdays and one on a weekend day, randomly selected within a 2-week period. During each multiple-pass recall, mothers helped their daughters report food intake from the previous day. Participants were aware of the general time during which these calls would be made, but not of the exact time or date. For the mothers and daughters, 3-day food group intake (including vegetables, fruit, dairy, meat, grain, fats, and sweets), as well as nutrient, fiber, and energy intakes were estimated using a computer- The total energy, macronutrient, micronutrient, and fiber values were assessed using dietary reference intakes (DRIs) ( [17] , [18] , [19] , [20] and [21] ). Girls' intakes at age 9 were compared with the Recommended Dietary Allowances (RDAs) ( [18] , [19] , [20] and [21] ) for 9-to 13-year-old girls. For calcium, mean intakes were compared with Adequate Intake (AI) recommendations (21) . The prevalence of inadequate nutrient intakes was determined using the Estimated Average Requirement (EAR) cutpoint method (22) for nutrients with an established EAR. Nutrient intake estimates were based on foods consumed and do not include intake from supplements. The size of food servings was based on US Department of Agriculture (USDA) Food Guide Pyramid guidelines for the appropriate age group (22) . The mean of the following micronutrients were used to provide a single micronutrient score that was used in the structural equation model: calcium; iron; folate; vitamins A, C, E, and B-6; magnesium; and zinc.
The sum weight of all foods consumed was calculated, including those contained in mixed dishes. Nutrition Data System summary file data containing each food consumed were edited to conduct food group analyses (23) . Editing involved summing ingredient gram weights into a single whole-food weight that was assigned to food groups according to the Food Guide Pyramid. The number of servings was calculated from gram weights of whole foods consumed and was based on closely matched serving sizes used by the Food Guide Pyramid (22) . One summary variable was created to represent combined fruit and vegetable intake for girls.
Weight status and body composition
Body mass index
At age 9, girls' heights and weights were measured in triplicate by a trained staff member following procedures described by Gordon and colleagues (24) . Body mass index (BMI) scores were generated based on height and weight measurements (calculated as kg/m 2 ). Three height and weight measurements were collected for mothers and fathers when girls were 9 years old, and were used to calculate parents' BMIs. Girls' BMI values were converted to BMI percentiles using the Centers for Disease Control and Prevention's 2000 Growth Charts, and girls were classified as overweight if their BMI percentile was more than 85 and obese if their BMI percentile was more than 95 (25) .
Dual-energy X-ray absorptiometry
Girls' body compositions, including body fat percentage, were assessed at age 9 using dualenergy x-ray absorptiometry. Whole-body scans were obtained using the Hologic QDR 4500W (S/N 47261) (Hologic, Inc, Bedford, MA) in the array scan mode. Scans were then analyzed using whole-body software, QDR4500 Whole Body Analysis (Hologic, Inc).
Statistical analyses
We used complete data from 173 cases and calculated descriptive statistics for all variables used in the model and subsequent analyses. The maternal pressure-to-eat data were skewed, therefore we normalized using a log transformation. Due to skewed results, we used a median split of the pickiness data when t tests were calculated. Data from the FFQ and 24-hour recall were used to create a single variable to represent frequency of maternal consumption of fruits and vegetables and variety using principal components analysis. Similarly, we used principal components analysis to create a single fruit and vegetable intake variable for girls. We used χ 2 to assess differences in the proportion of picky and nonpicky eaters who did not meet recommendations for specified nutrients and the proportion of girls who were at risk for overweight.
Structural equation modeling software, Amos 4 (SPSS, Inc, Chicago, IL) (26) , assessed a model that represented relationships among various predictors of picky eating and fruit and vegetable intake in girls. Structural equation modeling is a statistical procedure that tests the extent to which a theoretical model of proposed relationships among variables matches the observed pattern of relationships that exists in a data set. More importantly in our case, the structural equation modeling approach is also used as an alternative way of analyzing a series of regressions for modeling associations among variables of interest. We used three common fit indexes to evaluate the fit of the proposed models: the χ 2 test, the Comparative Fit Index, and 
RESULTS
For the total sample, as shown in Table 1 , girls' mean daily energy intake was within the recommended range for 9-year-olds and they met recommendations for macronutrient intake. Dietary fiber was less than recommended levels; none of the girls met recommendations (17) . Girls' mean intakes of most vitamins and minerals met recommendations except for vitamin E, calcium, and magnesium, which were less than recommended levels (see Table 2 ). Girls' vitamin and mineral intakes were compared EARs to determine the prevalence of inadequate nutrient intakes. Many girls had inadequate intakes of vitamin E and magnesium. As shown in Table 3 , on average, girls consumed fewer than the seven servings of fruits and vegetables per day suggested by the Dietary Guidelines for Americans (22) , and fewer than the 3.5 servings a day that Krebs-Smith and colleagues reported being consumed by this age group (28) . When potatoes in the form of french fries and potato chips were excluded from the analyses, servings of vegetables were even less. Table 3 also indicates that girls in the sample consumed, on average, fewer than the recommended servings of grains and meat. Mothers' total fruit and vegetable intakes (including french fries and potato chips) were also less than the recommended seven servings per day (22) .
One fourth of mothers gave picky eating scores of 3 or more to their daughters, in which 5 indicates maximum pickiness (mean=1.9±1.1, range=0-5.0); however, we categorized picky eaters using a median split of the data. Differences between picky and nonpicky eaters' mean energy, macronutrient, and fiber intakes are presented in Table 1 . Picky eaters had lower energy intakes than girls who were not picky eaters; however, this difference was not significant between the two groups. Both groups consumed less fiber than recommended; however, picky girls' fiber intake was significantly less than the nonpicky girls' fiber intake. Table 2 reveals that picky eaters had significantly lower intakes of vitamin E and folate, and significantly more picky eaters were at risk for inadequate intakes of vitamins C and E. Table 3 indicates that picky eaters also had significantly lower intakes of fruits, vegetables, fats, and sweets. Except for the dairy group, the percentage of girls meeting the recommendations of the Food Guide Pyramid was less among the picky eaters. The percentage of girls consuming the recommended number of servings of fruit and vegetables at age 9 was low; none of the picky girls met the recommendations for vegetables and only 2% met the recommendations for fruit servings.
Information about weight status and body composition of the entire sample and each subgroup of girls is presented in Table 4 . Picky eaters had significantly lower BMIs, t=2.10 (P<.05), and significantly less body fat, t=1.97 (P< .05). In addition, Figure 1 shows that a higher proportion (43%) of nonpicky eaters are overweight and obese using the 85th and 95th percentile cutoffs for BMI (25) , χ 2 =12.30, P<.01. Only one girl in the sample was underweight (<5th percentile cutoff), and she was not a picky eater. There were no differences between the groups in maternal or paternal BMI. Proportion of 9-year-old girls classified as nonpicky and picky eaters with a body mass index (BMI) more than the 85th and 95th percentiles (25) .
DISCUSSION
Regardless of whether girls were classified as picky eaters, most girls consumed less-thanrecommended amounts of grains, fruits, vegetables, and meats; however, picky girls consumed significantly fewer servings of fruits, vegetables, fats, and sweets than girls who were not picky eaters. Fiber intake followed the same pattern. These results suggest that picky eaters did not consume more fats and sweets to compensate for lower fruit and vegetable intake.
The micronutrient intakes of both groups were similar in that they consumed inadequate quantities of vitamin E, calcium, and magnesium. Although most girls met recommendations for dairy intake, consuming the recommended number of dairy servings does not ensure adequate calcium intake, and among these girls, consumption of calcium-rich vegetables was low and did not contribute substantially to calcium intake, which is important in the prevention of osteoporosis ( [29] , [30] and [31] ). Despite the similarities in micronutrient intake, significantly more picky eaters were at risk of not meeting recommendations for vitamins C and E.
The findings also show that picky eaters consumed significantly less fiber than nonpicky eaters. However, girls in both groups consumed less fiber than recommended, possibly placing them at greater risk for long-and short-term health problems associated with low fiber intake, including constipation. Whereas nearly all girls were obtaining the recommended intake for many micronutrients, probably due to their consumption of fortified foods such as cereal (32), they did not obtain needed fiber and other potentially beneficial substances, such as phytochemicals.
Results of the structural equation modeling revealed that mothers directly influenced their daughters' fruit and vegetable intake by modeling and by making fruits and vegetables available; they indirectly affected fruit and vegetable consumption by pressuring their picky daughters to eat, which predicted higher levels of pickiness and lower fruit and vegetable intake. Picky girls tended to consume less total energy, had significantly lower BMIs and body fat, and were less likely to be overweight. Although picky eating might compromise children's nutrient intake in environments where food is scarce, these findings suggest that in today's industrialized environments, where a wide variety of palatable, energy-dense foods are readily and cheaply available, picky eating might be less problematic than previously thought and could help children maintain a healthful weight.
The finding that picky eaters are less likely to be overweight diverges from previous studies, which reported no differences in growth and weight status of picky toddlers and preschool children ( [4] and [33] ). It is possible, however, that the persistence of picky-eating behavior over time could have long-term effects on weight status that are not evident until children are older. In the present study, in which the incidence of overweight is high, the picky girls were not underweight, but they did have significantly lower BMIs than nonpicky girls. This contradicts the previous finding of no relationship between picky eating and fat mass or fat-free mass in preteen children (34) , but it is consistent with the findings of another study, which reported that picky girls had a lower weight status (10) . The difference in energy intake between picky eaters and their nonpicky counterparts was not statistically significant. However, over time substantial weight gain can result even when intake exceeds expenditure by small amounts, such as the 50 kcal/day difference noted in the present study, a value well within the margin of measurement error ( [35] and [36] ). This small difference between groups could, if it persisted over time, produce the differences in weight status we noted in the picky and nonpicky eaters.
In this study, children who were pressured to eat more by their parents consumed fewer fruits and vegetables, suggesting that mothers who modeled fruit and vegetable intake were less likely to use pressure. In contrast to the negative effects of pressure, making foods more available, accessible, and increasing children's familiarity with foods can increase acceptance and intake ( [37] , [38] and [39] ). The present findings contribute to the growing evidence that parental modeling of fruit and vegetable intake ( [8] and [40] ) and making fruits and vegetables available and accessible (41) promote fruit and vegetable consumption. These findings are also consistent with previous research indicating that pressuring children to eat a particular food actually reduces their liking and intake of that food ( [42] , [43] , [44] , [45] , [46] and [47] ). Although there is some evidence that parents believe that pressuring children to eat a food is an effective strategy for promoting intake (48) , recent work by Batsell and colleagues (44) indicates that 69% of college students reported being pressured to eat foods as children, and that these incidents resulted in persistent food dislikes. The relationship between maternal use of pressure to eat when girls were 7 and girls' picky eating at age 9 provides stronger evidence that the use of parental pressure in feeding may promote both picky eating and lower fruit and vegetable consumption in girls.
Though both experimental research and retrospective findings suggest that pressure to eat is associated with food rejections and aspects of picky eating ( [44] and [47] ), the causal direction of these relationships has not been established. It seems likely that, as in many areas of parentchild interaction, influence between parent and child is bidirectional (49) . Although parents' use of pressure may promote picky eating in a child, the child's initial weight status or eating style may also elicit the parents' use of pressure as a feeding strategy; children perceived to be too thin or children who parents think are not eating enough may elicit parental pressure to eat more (9) . It seems that pressure can exacerbate existing problems, such as promoting dislikes for foods that parents want children to eat, and perhaps reducing fruit and vegetable intake ( [8] and [44] ).
CONCLUSIONS
These data indicate that the diets of picky and nonpicky eaters were more similar than they were different and suggest that increasing fruit and vegetable intake among all children should continue to be a major focus of interventions. Anticipatory guidance should provide parents with strategies that promote children's acceptance of a variety of foods, especially fruits and vegetables, particularly increasing availability and modeling fruit and vegetable intake, while discouraging parents from labeling the child as a picky eater or pressuring children to eat. To decrease parental use of pressure in child feeding, clinicians should address parental anxieties about the adequacy of the child's intake by emphasizing the child's normal growth and pointing out that pressuring children to eat is not an effective strategy for promoting children's intake of healthful foods.
